system. The first component is the rhizobial nodA acyltransferase involved in the fatty acid tail 23 decoration of Nod factor (rhizobia signalling molecule). The second component is the plant 24 NFR5 receptor, putatively required for Nod-factor binding. 25 We collected three wild growing legume species together with soil samples adjacent to the 26 roots (soil pool) from one large 25-year fallow: Vicia sativa, Lathyrus pratensis and Trifolium 27 hybridum nodulated by one of the two Rhizobium leguminosarum biovars (viciae and trifolii). Trifolium hybridum -were uniformly collected from the large natural fallow (more than 25 160 years) field near the town Vyritsa (Gatchinskii region of Leningradskaya oblast, Russia, 161 59°24′7.74′′ N; 30°15′28.74′′ E). All sampled plants had formed nitrogen-fixing symbiotic root 162 nodules which were selected and thoroughly washed. Soil samples were collected from the close 163 proximity to the plant roots (1-5 cm). Here and below we named these samples as "soil 164 samples". Three nodules from each plant sample were picked from the main or the closest to the 165 main lateral roots. For each legume species we prepared three pools for DNA extraction: YTDGGMATCGCHCACT-3') and reverse (5'-RDACGAGBACRTCTTCRGT-3') -produces 178 a 217 bp amplicon product. The reaction conditions in the first and the second round of the PCR 179 consisted of the initial denaturation step at 94°C for 3 min followed by 35 cycles with 180 denaturation at 94°C for 30 s, primer annealing at 50°C for 30 s and extension at 72°C for 1 min. 181
The bar-coded PCR products from six nodA libraries (soil and nodule libraries from three plants 182 species) were sequenced with a Roche 454 GS Junior (following the manufacturer's protocols) 183
generating an average of 3000-4000 reads per library. All obtained sequences were subjected to 184 filtration by quality (quality score higher than 25), length (longer than 170 bp) and separating 185 into libraries according to barcodes in QIIME. The sequencing data were deposited at the NCBI 186 short read archive under the bioproject number PRJNA297503. We introduced the term "popset" 187 to designate a set of nodA gene sequences from nodule or soil rhizobia population. 188
189
The multiple alignments of the remained sequences within each popset were performed 190 with ClustalW as implemented in MEGA (Tamura et al. 2013 LysM domains of the plant receptor gene, NFR5, were amplified with the following pairs of 198 primers: forward "NFR5-for4" (5'AAGTCTTGGTTGTTACTTGCC-3') and reverse "NFR5-199
Grev3" (5'-CACCTGAAAGTAACTTATCYGCA-3') for Vicia sativa; forward "NFR5-for4" 200 and reverse "NFR5-Grev3" (5'-TGCAGTCTCAGCTAATGAAGTAC-3') for Lathyrus 201
pratensis;
forward "NFR5-for4" and reverse "NFR5-Grev6" 
Gene trees 214 215
The total nodA gene sequences from nodule and soil popsets aligned with ClustalW were 216 clustered into operational taxonomic units (OTUs) at 95% nucleotide sequence identity threshold 217 using the UCLUST algorithm implemented in QIIME 1.9. Neighbor-Joining (NJ) dendrogram 218 based on the numbers of differences between representatives of each OTU was constructed in 219 MEGA6 and rooted using the outgroup nodA gene sequence of Sinorhizobium meliloti 220 (GenBank ID AZNW01000092.1). 221
222

Diversity analysis 223 224
We quantified the diversity of haplotypes among rhizobia popsets using three indices: bias-225 corrected Chao1 index of the haplotype richness (Chao 1984 Values significantly higher than zero indicate the deficit of rare alleles (e.g. due to a recent 283 decrease in population size or balancing selection), and values significantly lower than zero 284 indicate the excess of rare alleles (e.g. due to a recent population size expansion or purifying 285 selection). In order to identify the selection type underlying the transformation of a soil popset to 286 the respective nodule popset, we compared the values of Tajima's D between the popsets. Weconsidered the hypothesis that the Tajima's D in the soil popset is higher or equal to that in 288 nodule popset. We tested this hypothesis using Welch's t-test at 0.01 level of significance. . The frequency of the 310 new cluster is + ( ) and the mean difference of the new cluster is ( 7 ,0 7 . 311
312
The described hierarchical clustering is applied to each populations and yields the 313 clusters of haplotypes with the reduced distance matrix between them (,0 ) , the frequencies ( ) 314 and the mean differences within clusters ( ) , , = 1, . In order to normalize (,0 ) OTU representatives showed that the rhizobium population consisted of two clusters (orange and 363 blue in Figure 2 ). Almost all sequences from the first cluster (9 OTUs) belonged to Vicia and 364
Lathyrus popsets, while sequences from the second cluster (6 OTUs) were mostly detected in 365
Trifolium popsets. The converse was also true: most of the Vicia-Lathyrus popset belonged to 366 the first cluster (90% average), while most of the Trifolium popset belonged to the second 367
cluster. This distribution of OTUs was in agreement with the "cross-inoculation groups" concept, 368 which refers to the fact that separate groups of legume species can be successfully inoculated by 369 only the specific groups of rhizobia. We attributed the first cluster to R.leguminosarum bv. 
Analysis of selection 384
Analysis of population structures revealed the significant linkage between synonymous 386 and non-synonymous polymorphic sites, suggesting that the pN and pS statistics were not 387
independent (see Supplementary Text). Further comparison of pN/pS values between nodule and 388
soil popsets did not establish the significant difference ( Supplementary Fig. S7 ). Despite the 389 inconsistency of pN/pS in our case, we observed that the values of both statistics, pN and pS, 390 were significantly increased (Welch's t-test, p-values < 0.01) in the nodule popsets, indicating 391 that both non-synonymous and synonymous diversity was elevated there (Table 1) . The values of 392 Tajima's D were significantly lower than 0 in all of the rhizobial nodA popsets, indicating the 393 presence of negative selection (Table 1) Figure S3) . Based on this observation, we proposed that the gene tree of the 421 nodule rhizobia is more similar to that of the host plant than the gene tree of the soil rhizobia. 422
423
To formally test this, we developed a method for comparing structures (topologies) 424 between two popsets. We tested the null hypothesis that the topological similarity between a 425 nodule rhizobia popset and a plant popset is not higher than the topological similarity between 426 the soil rhizobia popset and the plant popset. This hypothesis was rejected at the 0.01 level of 427 significance. We constructed tanglegrams that also illustrated a higher similarity of the topology 428 of the nodule rhizobial nodA gene trees ( of more "rigid" diversity of NFR5 receptor gene in plant populations. We hypothesise that under 503 the Evolutionary Moulding effect two symbiotic populations tend to relax the incoordination of 504 genetic diversities between two parts of the symbiont-host signalling system, that is mostly 505 achieved by a faster evolving partner. In the current project the faster evolving partner is 506 rhizobia, however, we assume that if plants hypothetically had evolved with higher rates than 507 bacteria, we would have expected that the rhizobial component would have played a role of the 508 matrix (or mould) in terms of the Evolutionary Moulding. It should be also highlighted, that 509 under the Evolutionary Moulding, the transformation of the "more flexible" symbiont population 510 does not necessarily lead to its increased population diversity. When a population of a "more 511 rigid" symbiont is, for example, homogeneous (conservative in polymorphism), the population 512 diversity of the flexible symbiont could decrease. 513 514 According to the Evolutionary Moulding effect, the relationship in population diversity 515 between rhizobia and host-plant may be observed not only within the pair of nodA-NFR5 genes 516 (which are related through the Nod factor) but also within any pair of interplaying genes fromplant and bacterial sides. We propose that genome-wide searching of "matching" genes under the 518 Evolutionary Moulding can be an extension to the traditional methods of functional analysis of 519 genes. 520 521 At present, we can only hypothesize the molecular mechanism of the Evolutionary 522
Moulding in rhizobium-legume symbiosis. We suppose that polymorphism in symbiotic genes of 523 a rhizobial population is probably associated with the structural diversity of Nod factors 524 produced by this population, in particular with variations in the unsaturated fatty acid tail. 525
Nowadays, an impressive progress is achieved in the resolution and accuracy of the methods to 526 analyse the Nod factor structure (Poinsot et al. 2016 ) and its docking to the receptor proteins 527 (Malkov et al. 2016 ). We believe that such approaches will facilitate the analysis of Nod factor 528 structural variation produced by rhizobial populations and, as a result, the molecular mechanisms 529 in the Evolutionary Moulding. 
